Based on T-S fuzzy model, the robust guaranteed cost control problem is studied for a class of uncertain singular systems with state and input delays. Sufficient conditions are provided for the construction of a state feedback guaranteed cost controller. These conditions are given in terms of the feasibility of linear matrix inequalities (LMIs) and guarantee that the closed-loop systems are quadratically stable. Moreover, an upper bound of the guaranteed cost is also obtained. A numerical example is provided to demonstrate the effectiveness of the proposed method.
Introduction
In the past few years, there has been rapidly growing interest in fuzzy control of nonlinear systems, and there have been many successful applications. In most of these applications, the so-called Takagi-Sugeno(T-S) type fuzzy model is used to represent a nonlinear system; then based on this fuzzy model, a fuzzy controller is designed. Taniguchi T. et al. [1] established T-S fuzzy singular model, which can describe or approximate a wider class of complex nonlinear systems. From then on, some results on this model have been reported.
Time delays and parameter uncertainties are frequently encountered in the behavior of many physical processes and very often they are the main cause for poor performance and instability of control systems. In view of this, the robustness issue of timedelay and parameter uncertain systems is a topic of great practical importance which has attracted a great deal of interest for several decades. In recent years, some authors have paid their attention to control of nonlinear systems with time-delay and parameter uncertainties by using T-S fuzzy models. Cao and Frank first considered the T-S based fuzzy control for nonlinear systems with time delay [2, 3] . The stability analysis and synthesis of these systems via linear T-S fuzzy models was addressed in terms of LMIs.
In the control of uncertain systems, it is desirable to design a control system, which is not only stable but also guarantees an adequate level of performance. One approach to this problem is the so called guaranteed cost control approach in which a fixed quadratic Lyapunov function is used to establish an upper bound on the closed-loop value of an integral quadratic cost function. Recently, there are many results on fuzzy guaranteed cost control for normal nonlinear systems [4] [5] [6] [7] [8] . E. Boukas proposed a new approach to develop the results on fuzzy guaranteed cost control [4] . Bing Chen et al. investigated guaranteed cost control for T-S fuzzy systems with state and input delays and also derived stability and stabilization conditions which were delay-dependent for state delay and delayindependent for input delay [5] . To the best of our knowledge, there have been few research results on fuzzy guaranteed cost control for uncertain singular nonlinear systems with state and input delays.
We present in this paper a guaranteed cost controller for uncertain singular systems with both state and input time delays based on T-S fuzzy model. 
Problem Statement
Consider the following uncertain singular system described by T-S model with state-delay and inputdelay, the rule of the model is 
E are known real constant matrices with appropriate dimensions, the uncertain real time-varying matrices ( )
is a compatible continuous vector valued continuous initial function.
By using singleton fuzzy generator, product of fuzzy inference and weighted average defuzzifier, the global fuzzy control system can denote as the following form
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is the degree of the membership of ( )
To stabilize the class of systems under consideration, we assume that the state feedback fuzzy controller is described by the following
The overall state feedback fuzzy controller is represented by
where j K are the local control gains. For simplicity, by using the following notions ( )
and substituting the controller (2) to the system (1), we can get the closed-loop system 
Ex t h t h t A B K x t A x t h t h t B K x t

J x t Qx t u t Ru t dt
In this paper we are interested in developing sufficient conditions for designing a state feedback controller that stabilizes the system and at the same time guarantees that the chosen cost is bounded for all admissible uncertainties. Sufficient conditions are established for this purpose to synthesize such controller by the LMI method.
Before we give the main result of this paper, some definitions and lemmas are introduced which will be used in the rest of the paper.
Definition 1 The nominal fuzzy singular system
The nominal fuzzy singular system
(1) with ( ) 0 u t = is impulse-free, if 
Main Results
In this section, an existence condition of guaranteed cost controller for system (1) is proposed, which not only guarantees the closed-loop system is asymptotically stable for all admissible uncertainties, but also provides an upper bound for the cost function. 
where (2) is a guaranteed cost controller for system (3) in terms of the cost function (4) and an upper bound of the guaranteed cost is 
Proof. Define Lyapunov function
It is easy from (3) and (5) to see that the time derivative of 1 V along any trajectory of the closed-loop system (3) is given by 
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On the other hand, from (2) 
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, so it follows from (6), (11) and (12) that (3) is quadratically stable. Furthermore, integrating both sides of the above inequality from 0 to ∞ produces 
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i.e. 
Applying Schur complement, the inequality (14) is equivalent to 
where 
Conclusions
In this paper, based on the T-S fuzzy model, we have studied the fuzzy control design problem for nonlinear uncertain singular systems with state delay and input delay. An LMI-based condition for the existence of fuzzy guaranteed cost controllers has been derived. The resulting fuzzy controllers can guarantee that the closed-loop fuzzy system is quadratically stable and results in an upper bound of the closed-loop value of cost function. A numerical example is given to demonstrate the effectiveness of the proposed method.
